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Abstract 
The current study employs an inexpensive thermal lithography technique to fabricate submicron size structures for 
applications in blu-ray optical disks and other optoelectronics. A heat buffer layer and an inorganic resist layer of Ge-
Sb-Sn-O are sequentially deposited on a pre-grooved polycarbonate substrate. Laser irradiation is then carried out by 
a laser beam recording system with wavelength of 405 nm and numerical aperture of 0.65. The size of features can be 
controlled by regulating laser power and development parameters while taking resist thickness and heat removal of 
thin film structure into consideration. Minimum feature size of 175 nm in width and 107 nm in depth is obtained. It 
has overcome the optical diffraction limit of irradiation laser spot. Furthermore, dot patterns can be prepared using 
laser pulse strategy. 
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1. Introduction 
The demands of recording medium capacity and writing speed have been increasing with time. To 
achieve even higher recording density, dimensions of recording pits have been reduced to below 100nm 
nowadays. Electron beams [1] [2] or deep ultra-violet laser [3] are usually utilized to fabricate pits of such 
size in manufacturing master stampers.a 
However, these techniques have several disadvantages, including the needs for high vacuum and 
advanced large-scale equipment, leading to higher production costs. Current study employs inexpensive 
thermal lithography to fabricate submicron structures used in blu-ray optical disks. The laser power heats 
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the inorganic resist layer and causes phase transition in the exposed areas. The phase transition structures 
are finally dissolved by an alkaline developer to form submicron size pits.  
Such technology is also highly potential for many other optoelectronic applications. Various inorganic 
resist materials, including TeOX, GeSbTe, and TbFeCo [4-6], have been developed to realize such 
concept. In this work, the performance of a newly developed Ge-Sb-Sn-O (GSSO) inorganic resist is 
described and the mechanism of heat-mode exposure is discussed. 
2. Experimental 
 Polycarbonate optical disks with 0.74 μm are used as substrate in current study. A heat buffer layer of 
30-80 nm ZnS-20at.% SiO2 and an inorganic resist layer of 30-120 nm Ge-Sb-Sn-O (GSSO) are 
sequentially deposited using RF magnetron sputtering. The multilayer structures are shown as in Fig.1a. 
The ZnS-SiO2 is selected to function as a heat buffer and to prevent damage of the substrate during later 
laser exposure. The GSSO films are obtained by sputtering a 76.2 mm diameter Ge-Sb-Sn target under 
Ar-O2 atmosphere. Thicknesses of the GSSO films are controlled by adjusting Ar and O2 gas flow rate 
and sputtering time. Three O2 gas flow rates are chosen as listed in Table 1. Thickness and optical 
properties of the multilayer films are then measured using Eta-RT thickness measurement system 
manufactured by Steag ETA-optik. The n and k values of the GSSO films are especially important at the 
wavelength that these films are to be exposed. 
 
Table 1. O2 flow rate and optical properties at 405nm wavelength for sputtered GSSO samples. 
Sample O2 (sccm) n k 
GSSO-A 25 2.89 0.85 
GSSO-B 26 2.82 0.68 
GSSO-C 27 2.87 0.58 
 
  
    (a)           (b)                        (c) 
Fig. 1. Schematics of pattern formation in multilayer GSSO films: (a) film deposition, (b) laser exposure, and (c) development. 
 
Laser irradiation is then carried out by a laser beam recording system using 405nm wavelength and 
0.65 numerical apertures. The sample is put into an optical disk drive tester (PULSTEC ODU-1000) for 
exposure using 1.6-9.0 mW power (Fig. 1b). Constant linear velocity (CLV) is kept at 6.6 m/s, as shown 
in Fig. 2 during exposure. Continuous line pattern can be achieved by crystallizing the as-deposited 
amorphous GSSO using continuous laser exposure. 
The laser power heats the inorganic resist layer (GSSO) and causes phase transition from amorphous 
state to crystallized state in the exposed areas. These crystallized areas are finally dissolved by an alkaline 
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developer to form submicron size pits (Fig. 1c.) The feature size can be controlled by regulating laser 
power and development parameters. The developed patterns are then observed using atomic force 
microscope (AFM) and scanning electronic microscope (SEM). 
 
Fig. 2. Configurations of laser exposure. 
 
Submicron dot patterns are obtained by designing laser pulse strategy using two step pulse exposure as 
shown in Fig.3. In current PULSTEC ODU-1000 optical disk driver tester, each unit pulse (1 T) at 64.5 
MHz stands for 15.5 ns. The laser pulse can thus be controlled by parameters including write time, write 
power, and cool time. 
 
Fig. 3. Laser pulse strategy. 
3. Results and Discussion 
3.1. Optical properties 
For a fixed sputtering time of 800s and 100 sccm Ar gas flow rate, O2 gas was adjusted to control the 
optical properties of films. Fig.4 shows the n and k values for wavelengths ranging from 350 to 1050 nm 
when O2 gas flow rate is 26 sccm (GSSO-B in Table 1). The dashed line indicates the 405 nm laser 
exposure wavelength that will be used in this study.  
Table 1 lists the n and k values of films obtained by different O2 flow rates. The k value decreases with 
increasing O2 gas flow rate, while n value remains relatively unchanged. The dependence of absorption 
coefficient (Į) on the extinction coefficient (k) is 
4ʌkĮ=
Ȝ    
 -  (1) 
where Ȝ is wavelength. The lower k value gives rise to films with lower absorption, implying that higher 
oxygen content corresponds to a lower absorption and thus a more transparent material [7]. In which case, 
the temperatures obtained by laser illumination at the center of focused spot are expected to be lower, 
therefore the exposure energies required to transform GSSO films need to be increased. 
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3.2. Exposure and development 
Fig.5 shows the AFM morphologies of GSSO-A, B, and C films exposed using 2.2 mW and developed 
for 100 s. Lower oxygen content in GSSO film gives rise to increased absorption and results in wider 
thermal diffusion which causes the patterns to broaden. On the contrary, the samples with lower 
absorption do not hold enough heat and thus show smaller and fuzzy patterns after development (Fig. 5c). 
Among the three samples, the developed groove pattern in GSSO-B sample is the clearest and has the 
minimum width of 195 nm as shown with AFMs image in Fig. 5b which uses 26 sccm O2 flow rate.  
 
Fig. 4. The n and k values of GSSO-B films for wavelength ranging from 350nm to 1050nm. 
 
 
(a)    (b)    (c) 
Fig. 5. (a) GSSO-A (b) GSSO-B(c) GSSO-C samples exposed using laser power 2.2 mW and development for 100 s. 
Therefore, further exposure tests fix O2 flow rate at 26 sccm and a series of 1.6, 1.8, 2.0, 2.2, 2.4 mW 
laser powers are tested while fixing development time at 100 s to control the pattern width. In Fig.6, the 
pattern widths obtained are 117, 156, 175, 195, and 234 nm, respectively. It is apparent that increasing 
laser writing powers increase the areas affected by the heat, because the higher power enlarges 
crystallized areas which give rise to wider feature sizes.  
On the contrary, at lower laser powers, patterns are blurred (Fig. 6a), because amorphous GSSO films 
crystallize incompletely. To get a clear continuous pattern in film structures while keeping the width at 
minimum, 2.0 mW is used. Fig. 6b demonstrates the exposed and developed patterns obtained using 2.0 
mW laser powers. It bears 175 nm feature width and a depth of 107 nm. This size is already below the 
diffraction limit (Ȝ/(2NA)) or 311 nm. 
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(a)    (b)    (c) 
Fig. 6. GSSO-B samples using laser powers of (a) 1.6, (b) 2.0, and (c) 2.4 mW and development for 100s. 
3.3. Pulse strategy for dot patterns 
To demonstrate the possibility of thermal lithography for making discontinuous patterns, pulse laser is 
utilized. In Fig.3, the main parameter adjusted in current study is the write 1 time for two step pulse 
exposure. Fig.7 shows the patterns made by controlling the write 1 time for 0.5 T, 1 T, and 2 T, while 
keeping the cooling time at 0.5 T, write 2 time at 0.5 T, bottom power at 0.1 mW, and erase power at 0.8 
mW where 1 T stands for 1 /64.5MHz or 15.5ns.  
According to Fig.7, dot size apparently increases with writing time, since longer laser pulse provides 
higher energy over the exposed spot. Further observations demonstrate that the dots elongate along 
writing direction. During the on/off writing time, the longer pulse tends to reserve the heat over a tail at 
the end of exposed spots and causes the dots to become oval-shaped (Figs.7b and c). A nearly round 
shape pattern can thus be achieved by adjusting write 1 time. A 0.5 T for write 1 time is found to obtain 
round dot patterns as shown in Fig. 7a. So far, a minimum size of less than 250 nm dot pattern can be 
obtained. 
 
 
(a)    (b)    (c) 
Fig.7. Dot patterns obtained using (a) 0.5 T, (b) 1 T, and (c) 2 T pulse write 1 length. 
 
4. Conclusions 
For submicron scale patterning, thermal lithography is comparably easier and cheaper in cost than 
optical lithography. Pattern size below the optical diffraction limit can be obtained. In current study, 
experimental results of pattern forming by thermal lithography using inorganic GSSO resist are reported. 
When O2 content of a GSSO film increases, the absorptions of GSSO films are reduced due to increased 
transparency. Higher laser writing power is needed to crystallize the amorphous GSSO films. However, 
too high of laser power causes the pattern size to broaden. On the other hand, blurred patterns are 
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observed when laser power is too low, because the exposed GSSO film cannot crystallize completely. An 
optimum continuous line pattern with 175 nm width and 107 nm height is achieved.  
The study also succeeds in forming dot patterns using laser pulse strategy. Different writing length is 
employed to observe the shape of dot patterns. The writing time of laser pulse is found to affect the shape 
of dot patterns. Oval-shaped dots are found in samples using long pulse time. Reduced writing time can 
be used to form nearly round dots. It is also possible that, in the future, we are able to minimize the dot 
pattern by modified other conditions. Submicron scale patterning by thermal lithography using inorganic 
resist has great potential for applications in electro-optics industry, such as ultrahigh-density optical ROM, 
molding, anti-reflective pattern, and bio-sensor products.  
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